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Wind speed vs. latitude from Ulysses
observations

Ulysses First Orbit Ulysses Second Orbit
SWCOFS

Spead [kn s

B COueard IMF

1] INF

: ' e
i

A
e A

Average Monthly _7
and 5
Sunspot Numbar 7

A \!
i

2000 2002 2004
MeComas et al., Genphys. Fes. Ledf, 2003,




What we knew before SOHO

* Coronal holes mmmp  Fast wind
* Low latitude mm) Slow wind

Interplanetary scintillation measurements

Questions: what happens 1n the first few

lar rad11?

nere (in CH) does fast wind originate?

SO
W]
Where does slow wind originate?



Doppler Dimming Cartoons
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How to build a model of the plasma
outflow speed from UV observations

 Starting from

— UVCS data: H, OVI line intensities and widths
* Knowing

— coronal densities, electron temperatures, disk

intensities, temperatures along and across the magnetic
field, the oxygen abundance

* Uncertainties in the input parameters have an
impact on the values of the plasma outflow speed



Model of a polar hole at minimum

Plasma accelerates over
the first few solar radii!
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Where does fast wind originate?

e UV lines larger 1n 1nterplumes

(Hassler et al., 1997; Wilhelm et al., 1998; Antonucci,
1999; Giordano et al., 1999; Banerjee et al., 2000)

* Line in interplumes = outflows
(Wilhelm et al., 2000; Xia et al., 2003 in Ne VIII lines)

in interplumes (Patsourakos and Vial,
2000 at 1.05; Giordano et al., 2000 at 1.7 solar radii)



A model for outflows 1n interplumes

« Teriaca, Poletto, Romoli et al., 2003 (AplJ, 588, 566) built a
coronal outflow profile in interplumes from a
SUMER+UVCS data set

* They used densities from UVCS WL + LASCO and from
literature (below 1.5 Ran), electron T profiles in plumes and
interplumes from Wilhelm (up to 1.3 Ruun), Trer from line
widths measured over their own data set, disk intensities
from SOLSTICE and SUMER, an a priori oxygen
abundance, left Ty as a free parameter and found

the outflow vs. altitude profile in interplumes

« Then, assuming a static plume to be imbedded in the
interplume ambient, they were able to reproduce the
measured values of plume line intensities
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SUMER + UVCS Hydrogen and OVI doublet
line radiances 1n plumes and interplumes
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OVI outflow speed in interplume lanes
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Model solution for interplume in
the anisotropic case

Radianece — Interplume
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Plume model: anisotropic case
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Coronal Heating rate below 2 Rsun

* Any heating process should start below 2Rsun!

* Neglecting Coulomb collision terms (R lower than
1.7 Rsun) we can use a simplified energy equation
to estimate the heating rate per particle from the
measured line widths and the outflows derived
from the model

Q=Vou( dw2/dRrR+2wW?/R)

where w 1s the 1/e line width.
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Origin and acceleration of slow wind

* Which 1s the source of the slow wind
variability?
* Where does the fast/slow wind transition
initiate?
— Can we trace 1t back to lower coronal levels or does it set
in at larger heliocentric distances?

« Which are the sources of the slow wind
streams?

— Abundance variations can help us establish a connection
between coronal structures and wind originating from
these structures?



SOHO-Sun-Ulysses quadratures
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Flow speeds of fast and slow wind
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Slow wind acceleration: results from
fall 1998 quadrature campaign

Wind emanating from low latitude holes faster than
wind from streamer regions: slow wind variability?

Heavy 1ons always faster than protons

Wind from low latitude holes accelerates over a
more extended distance range than polar wind

Wind from streamer regions accelerates over a
more extended interval than wind from low latitude
holes



STREAMER IMAGE - OVI 1037 line
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Sources of low latitude streamer wind

 UVCS revealed differences in the OVI intensity
distribution across streamers:
— Difference 1n elemental abundances?
— Theoretical works predict streamer legs to be sources of
slow wind (see, e.g., Ofman, GRL, 27, 2885, 2000)
* Look for correlation between Fe/O 1n streamers
and solar wind emanating from these structures as
a means to to 1dentify the site where slow wind
originates



Coronal vs. in situ Fe/O

UVCS | Ulysses |[(Fe/O) |(Fe/O) |Flow
date date Corona |SWICS |speed
11/V1/00 {29/VI/00 |0.12 (0.03) | 0.09 365 km/s
12/V1/00 |30/V1/00 [0.14(0.04) 10.14 352
13/V1/00 |1/VII/00 [0.15(0.04) |0.15 339
14/V1/00 |2/VII/00 |0.16(0.05) {0.19 333
17/V1/00 |5/VII/00 [0.11(0.03) 10.10 309




Fe/O in the corona and solar wind
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Conclusions

Polar fast wind appears to originate in interplume
areas

Slow wind accelerates over a wider distance range
than fast wind does

Part of the slow wind variability may be ascribed
to a different site of origin of the wind

Absolute element abundances, rather than
abundance ratios, are probably more reliable
indicators of the slow wind sources
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